A bovine enterovirus (serotype VG-5-27 ) was grown in BHK 21 cells and purified using gel filtration and sedimentation. A minor component which sedimented at i45 S, relative to 165 S virus particles, was purified by repeated sedimentation on sucrose density gradients. The I45S particles contained RNA of the same size as virus RNA. Five types of polypeptides were present corresponding to 3o VPo, 60 VPI, 3 ° VP2, 60 VP3 and 30 VP4 chains, in contrast to I65S virus particles which contain 6o VPI, 60 VP2, 60 VP 3 and 30 VP4 chains. The particles appeared to be non-infective but could be isolated from early passages of plaque purified clones of the virus. Iodination of the polypeptides of the 145 S component differed considerably from that for mature virus particles. We suggest that the particle may be an intermediate in the maturation of the virus particle.
INTRODUCTION
We have reported on the isolation and purification of a bovine enterovirus (Martin, Johnston & Clements, I97O) . The purification depended on gel filtration through Sepharose 2B and sedimentation in sucrose density gradients. During the course of these earlier studies it was noticed that the virus peaks obtained from sucrose density gradients frequently showed a small shoulder on the light side of the infective I65S component. The presence of this shoulder was detected easily when gradients were monitored continuously at 256 nm during elution, using an LKB Uvicord I spectrophotometer. The persistent appearance of this minor component led us to reassess the previously accepted criteria of virus purity. The aim of the present paper is to demonstrate that harvests of bovine enterovirus grown in BHK cells contain at least two types of particle which sediment at 14o to 17o S and that these components have distinct chemical and physical characteristics.
METHODS
Virus production. Bovine enterovirus (serotype VG-5-27) was grown in baby hamster kidney (BHK 2I) cells and purified as described by Martin et aL (197o) . The virus used in these experiments had undergone approximately eight passages in BHK cells since it was originally supplied to us by Dr B. McFerran in 1967. Isotopic labelling of virus. MonoIayers of BHK cells were grown in 2-5 1 roller bottles and infected with virus at an input multiplicity of 5o p.f.u./cell. After adsorption for 3o min, 5 oml Earle's saline or phosphate-free Eagle's medium were added, supplemented where appropriate with [14C]-amino acids (I #Ci/ml, 57 mCi/m-atom carbon) or [a2PO4] (IO #Ci/ml, 6o to Ioo #Ci/mg phosphorus). Virus labelled with [aH]-uridine (2 #Ci/ml, 5I Ci/mmol) was grown in serum-free Eagle's medium.
Separation of virus specific components. The purification procedure has been described by Martin et al. (I97o) . This involved gel filtration through Sepharose 2B and sedimentation on 15 to 45 % (w/v) sucrose density gradients at 1ooooo g for 3 h. The virus components were precipitated from the appropriate fractions by addition of zinc acetate (o-o2 M). The precipitate was dissolved in tris-EDTA buffer, pH 7"4, and the particles collected by sedimentation at 12oooo g for 3 h. The pellets were suspended in o'o4 M-phosphate buffer, pH 7"4. Particles sedimenting in the I4o to I6o S region of the gradient were recycled twice on I5 to 45 % (w/v) gradients at 1ooooo g for 3 h and the 75S particles were further purified by recycling through a I5 to 30% (w/v) sucrose gradient at IOOOOO g for 3 h.
Disruption of virus component. Samples of the components in o'o4 M-phosphate buffer, pH 7"4, were adjusted to 1% (w/v) SDS and o.8 M-urea. These mixtures were heated at IOO °C for 2 min and sucrose then added to about Io % (w/v). Samples were then applied directly to I2. 5 % polyacrylamide gels. The composition of the gels and electrophoretic conditions were as described by Hoey & Martin (I974) .
Iodination. Components were iodinated by chloramine T using the method described by Carthew & Martin (I974) .
Fractionation of RNA. Virus specific components labelled with [3H]-uridine or [32PO4] were adjusted to 1% SDS and o-o8 M-urea and heated at Ioo °C for 2 rain. Samples were then layered on 2"2 ~o polyacrylamide, o'o4 % agarose gels and electrophoresed at 7 mA/gel for 3"5 h as described by Clements & Martin (I972) . Ribosomal RNA from BHK cells was used as markers.
Plaque assays. The infectivity of virus was determined by the plaque assay procedure described by Martin et al. (I97o) . Single, well-separated plaques were removed and used to infect initially a monolayer of BHK cells in a 3 cm Carrel flask and subsequently a monolayer in a 4 oz bottle. The virus harvest was used to infect 2"5 1 roller bottle cultures and is termed 3rd passage virus.
Electron microscopy. Pellets of particles, collected from sucrose gradients, were suspended in o'o4 M-phosphate buffer, pH 7"4. Samples were applied to formvar-carbon coated grids and negatively stained with 2 % (w/v) potassium phosphotungstate. Grids were examined in an AEI electron microscope.
Materials. Eagle's medium and Earle's saline were obtained from Burroughs Wellcome Ltd. Radioisotopes were purchased from the Radiochemical Centre, Amersham, Buckinghamshire. Phosphate-free Eagle's medium was obtained from Bio-Cult Laboratories and chloramine T from BDH Chemicals Ltd, Poole, England.
RESULTS

Sucrose density gradient analysis of bovine enterovirus
A typical sucrose density gradient profile obtained during the purification of bovine enterovirus is shown in Fig. I . The infective virus sedimented at I65S relative to BHK ribosomal markers, and a peak at 75 S contained the natural empty or procapsid component. Fractions from the I4o to I6o S region of the gradient were recycled on up to three sucrose gradients. Fig. 2 shows the profiles obtained when [~H]-uridine labelled I4o to 160 S fractions were recycled in the presence of purified [14C]-amino acid labelled I65 S fractions. Samples from each fraction were assayed for radioactivity. After two such cycles the component sedimenting at I45 S was isolated relatively free of residual virus particles. 
Electron microscopy
The morphology of the I45S and I65S components differed considerably. The I45S particles were ring-like ( Fig. 3 ) when examined by electron microscopy, whereas the I65 S particles appeared full and not penetrated by the stain. The region between the 9o S and T4oS components contained very few particles, whereas the 75S region of the gradient contained a large number of ring-like procapsids. All three types of particles were 27 mn in diam. The remainder of this paper is devoted to describing the properties of the I45 S component.
Presence of RNA in the 145S component
In preliminary experiments we measured the extinction of each sucrose density gradient fraction at 260 and z8o nm. The E26o[E~8 o ratio was constant in the x4o to I75 S region but decreased slightly in the 75 S region (Fig. 4) . This indicated that nucleic acids were probably associated with the ~45 S component but not with the natural empty particles. To confirm the presence of RNA in the I45S component, virus was grown in the presence of [3H]-uridine. Fig. z shows that after two recycles the ~45 S component remained labelled with the isotope and indicated the presence of RNA.
The size of the RNA was determined by growing the virus in the presence of [32PO~]. The I45 S and I65 S components were separated and purified by recycling twice on 15 to 45 % gradients. RNA was extracted by treating with urea and SDS, and samples were applied directly to the top of z.z ~o polyacrylamide-agarose gels. There was no detectable difference in the size of the RNA from either component (Fig. 5) .
Protein composition of the I45 S component Purified 75 S, I45S and I65S components, labelled with [14C]-amino acids, were heated at IOO °C for 2 min in o.8 M-urea and 1% SDS (w/v) and electrophoresed on 12"5 % acrylamide gels (Fig. 6) . The 75 S component contained three polypeptides, VPO, VPI and VP3 and a small amount of VP2. The 145 S component contained five polypeptides VPo, VPI, VP2, VP3 and VP4 and a variable small proportion of high mol. wt. proteins. The (Table I ). In these calculations no account was taken of the small amount of high mol. wt. material which was present. 
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Iodination of the I45 S component
Carthew & Martin (i 974) have described the use of iodination techniques for investigating the proteins of bovine enterovirus particles. Application of these procedures to the I45S component provided further evidence that this particle was different from the procapsid and the mature virus particle. The I65 S component was stable to iodination treatment for up to 2 min whereas the I45 S component broke down into material sedimenting at either 75 S or remained at the top of the gradient. Electrophoresis of the protein from the 75 S material derived from iodinated I45 S or 165 S components showed that [125I] was associated mostly with VPI and only a small amount of label was on VP2 and VP 3 (Fig. 7a and b) . After short periods of iodination the I45 S components were labelled in VPI, VP2 and VP3 (Fig. 7c) whereas the I65 S particles were iodinated in only VPI (Fig. 7d) . Infectivity of the I45 S component Virus was grown in the presence of [32p] and the 145 S component was purified by recycling once on a 15 to 45 % sucrose density gradient. Plaque assays were performed on the 165 S region of the initial gradient and the 145 S and 165S region of the second sucrose gradient. Table 2 shows that the ratio of p.f.u./[32P] remained constant in the I65 S region of the gradient but had decreased fourfold in the I45 S region indicating that these particles had much lower infectivity. Further, by calculating the amount of residual virus present in the I45 S region of the gradient by extrapolation of the 165 S peak, we were able to show that this accounted for most of the remaining infectivity. Results of two separate experiments of this type indicated that the I45 S component was not infective.
Isolation of plaque purified VG-5-27
Bovine enterovirus (serotype VG-5-27) readily forms plaques on monolayers of BHK cells as described by Martin et al. (197o) . In the present study, we removed single, wellseparated plaques from plates which contained not more than 25 plaques. Virus from these plaques were grown up to large scale production by three passages in BHK cells. All four preparations produced virus of high infectivity and showed no noticeable differences in growth characteristics.
The particles present in each of the virus harvests were examined by sucrose density gradient analysis. All four preparations showed the presence of the three components (165 S, I45 S and 75 S) described above. It is possible that the plaques selected in this experiment contained non-plaque-forming particles which may result in the appearance of the I45 S component. However, the proportion of these particles in the total harvest virus is low (~ 5 %), as determined by u.v. extinction and it is likely that any such particles are diluted out prior to selection of plaques.
DISCUSSION
We have isolated from preparations of a bovine enterovirus (serotype VG-5-27) a particle sedimenting at approx. I45 S which differs considerably from virus particles and procapsids. The I45 S component contains RNA of the same size as that in the mature virus particles but its polypeptide composition is distinctly different. The particle contains approx. 30 chains of VPo, 60 of VPI, 30 of VP2, 60 of VP 3 and 30 of VP4.
Both electron microscopy and iodination results indicated that the organization of the polypeptides differed in the virus particles and the I45 S component. Potassium phosphotungstate penetrated the I45S component but not the mature virus particle. Tyrosine residues in VPr, 2 and 3 are available for iodination in the I45 S particle whereas the mature virus particles are labelled only in VPI.
Reports have appeared in the literature which indicate that harvests of other picornaviruses contain particles which sediment more slowly than the virus particles. Recently Cole et al. 0970 isolated a defective particle from preparations of poliovirus which had undergone repeated serial passages. This particle sedimented more slowly and contained a smaller RNA molecule than the virus particle and had the normal complement of the capsid polypeptides. It appeared to accumulate in virus harvest after 18 to zo passages. In our studies VG-5-27 had undergone not more than eight passages and virus grown from single plaques contained the I45 S component after only three passages in BHK cells. Therefore, it seems unlikely that defective mutants have accumulated in our stock virus. Korant et al. 097z ) isolated a component sedimenting at I35S from preparations of human rhinovirus. In caesium chloride gradients these gave rise to a dense component containing VPI, VP3 and RNA. Unfortunately the polypeptide composition of this slow component prior to treatment with caesium chloride is not known. It may be that the 135 S rhinovirus component and the 145 S bovine enterovirus particles described in this paper are analogous particles. It is of interest that the bovine enterovirus I45 S particles were unstable in caesium chloride solutions when we attempted density determinations.
Vanden Berghe & Boey6 (1973) have shown that the natural empty particles (procapsids) of poliovirus were separated into two components by chromatography on Ecteola cellulose columns. The minor component contained VPo, VPI, VP2 and VP3 in proportions similar to those which we found for the I45S component.
Since the completion of the experiments described in this paper, Fernandez-Tomas & Baltimore (1973) have reported that a particle sedimenting at I25 S was present in preparations of poliovirus. These particles contained VPo, VPI and VP3 and normal sized RNA and were degraded by EDTA. Further, a detailed study of the kinetics of their formation indicates that the I25 S particle was intermediate in the maturation of poliovirus particles and they have suggested the name provirion. It is unlikely that we would have detected such provirions in the experiments reported in this paper since EDTA was used during the preparation of the virus particles. The 145 S component of bovine enterovirus differs in a number of ways from the tz5S component isolated by Fernandez-Tomas & Baltimore (1973) . Our results show that at least half of the VPo polypeptide chains are cleaved prior to the formation of the mature virus particle. Also, the 145 S component was stable to treatment with EDTA.
Although at present it is not possible to understand the exact relationships or functions of these particles, the information available suggests that maturation of picornaviruses may take place in steps from procapsids to virus particles involving two provirion particles (provirion I -+ provirion II). We are investigating by pulse chase experiments the precursor relationships of the various particles associated with bovine enterovirus replication.
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